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CLOTHES DRYER APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to dryer systems and, more 
particularly, to heater control systems for clothes dryers. 

[0002] An appliance for drying articles such as a clothes dryer for drying 
clothing articles typically includes a cabinet including a rotating drum for tumbling 
clothes and laundry articles therein. One or more heating elements heats air prior to air 
entering the drum, and the warm air is circulated through the drum as the clothes are 
tumbled to remove moisture from laundry articles in the drum. See, for example, U.S. 
Patent No. 6,141,887. 

[0003] At least one known clothes dryer utilizes an open loop control 
system to determine an appropriate amount of time for drying a load of clothes. The 
drying time is determined by an operator and entered using a manual control, such as a 
time selector switch. For the duration of the drying time, the heating elements are 
activated and deactivated to maintain warm air circulation inside the drum, and for more 
accurate control of the dryer heating elements, a temperature sensor, such as a thermostat 
or thermistor, is sometimes used in conjunction with the heating elements. 

[0004] On at least some known dryers, the heating elements are cycled 
between a fully on state and a fully off state to maintain air temperature below a 
maximum allowable temperature. Every time this cycle occurs, the heating elements cool 
down in the off state and are reheated in the on state. The temperature fluctuations of the 
heater elements facilitate lowering the heat efficiency of the system. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In one aspect, a method of limiting current includes providing an 
AC sine wave to at least one heater element of an electric clothes dryer, stopping the 
providing at a zero crossing of the AC sine wave, monitoring the AC sine wave for a 
subsequent zero crossing and reproviding the AC sine wave to the at least one heater 
element at the subsequent zero crossing. 

[0006] In another aspect, an electric clothes dryer heater system includes 
a heater element and a controller operationally coupled to the heater. The controller is 
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configured to provide an AC sine wave to at least one heater element of an electric 
clothes dryer, stop the providing at a zero crossing of the AC sine wave, monitor the AC 
sine wave for a subsequent zero crossing, and reprovide the AC sine wave to the at least 
one heater element at the subsequent zero crossing. 

[0007] In another aspect, a dryer for tumble drying articles includes a 
drum including a cavity configured to hold articles to be dried, a motor drivingly coupled 
to the drum to rotate the drum, a heat element in flow communication with the cavity, a 
blower positioned to deliver heated air to the cavity, and a controller operationally 
coupled to the heater. The controller is configured to provide an AC sine wave to at least 
one heater element of an electric clothes dryer, stop the providing at a zero crossing of the 
AC sine wave, monitor the AC sine wave for a subsequent zero crossing, and reprovide 
the AC sine wave to the at least one heater element at the subsequent zero crossing. 

[0008] In another aspect, a gas clothes dryer heater system includes a 
linear gas valve, a burner operationally coupled to the valve, and a controller 
operationally coupled to the valve. The controller is configured to control the valve in an 
on state such that the burner produces a first heat output, and to adjust the valve in the on 
state such that the burner produces a second heat output less than the first. 

[0009] In yet another aspect, a dryer for tumble drying articles includes a 
drum comprising a cavity configured to hold articles to be dried, a motor drivingly 
coupled to the drum to rotate the drum, a linear gas valve, a burner operationally coupled 
to the valve and in flow communication with the cavity, a blower positioned to deliver 
heated air to the cavity, and a controller operationally coupled to the valve. The 
controller is configured to control the valve in an on state such that the burner produces a 
first heat output, and to adjust the valve in the on state such that the burner produces a 
second heat output less than the first. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Figure 1 is perspective broken away view of an exemplary dryer 

appliance. 

[001 1] Figure 2 is a perspective broken away view of the dryer appliance 
shown in Figure 1 illustrating sensor locations. 

[0012] Figure 3 is a waveform of the AC sine wave applied to the 
electrical clothes dryer heater element. 
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[0013] Figure 4 is an electrical clothes dryer heater system. 

[0014] Figure 5 is a gas clothes dryer heater system. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Figure 1 illustrates an exemplary clothes dryer appliance 10 in 
which the present invention may be practiced. While described in the context of a 
specific embodiment of dryer 10, it is recognized that the benefits of the invention may 
accrue to other types and embodiments of heating appliances such as a gas dryer. 
Therefore, the following description is set forth for illustrative purposes only, and the 
invention is not intended to be limited in practice to a specific embodiment of heating 
appliance, such as dryer 10. 

[0016] Clothes dryer 10 includes a cabinet or a main housing 12 having 
a front panel 14, a rear panel 16, a pair of side panels 18 and 20 spaced apart from each 
other by front and rear panels 14 and 16, a bottom panel 22, and a top cover 24. Within 
cabinet 12 is a drum or container 26 mounted for rotation around a substantially 
horizontal axis. A motor 44 rotates the drum 26 about the horizontal axis through a 
pulley 43 and a belt 45. The drum 26 is generally cylindrical in shape, having an 
imperforate outer cylindrical wall 28 and a front flange or wall 30 defining an opening 32 
of drum 26 for loading and unloading of clothing articles and other fabrics. 

[0017] A plurality of tumbling ribs (not shown) are provided within 
drum 26 to lift clothing articles therein and then allow them to tumble back to a bottom 
(not shown) of drum 26 as drum 26 rotates. Drum 26 includes a rear wall 34 rotatably 
supported within main housing 12 by a suitable fixed bearing. Rear wall 34 includes a 
plurality of holes 36 that receive hot air that has been heated by an electrical heater 40 in 
communication with an air supply duct 38. The heated air is drawn from drum 26 by a 
blower fan 48. The air passes through a screen filter 46 which traps lint particles. As the 
air passes through the screen filter 46, it enters a trap duct seal and is passed out of the 
clothes dryer through an exhaust duct 50. After the clothing articles have been dried, 
they are removed from the drum 26 via opening 32. 

[0018] A cycle selector knob 70 is mounted on a cabinet backsplash 71 
and is in communication with a controller 56. Signals generated in controller 56 operate 
the drum drive system and heating elements in response to a position of selector knob 70. 
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[0019] With reference to Figure 2, dryer 10 further includes a 
temperature sensor 64 at a drum hot air inlet 60 operable to produce a temperature signal 
indicative of an inlet air temperature. A second temperature sensor 68 is operable to 
produce a temperature signal indicative of a drum outlet temperature in outlet duct 50. A 
humidity sensor 96 is operable to produce a signal indicative of air humidity in outlet 
duct 50. A clothing moisture sensor 98 is operable to produce a signal indicative of a 
moisture level in the clothes through direct contact with the clothes in dryer drum 26. As 
moisture is removed from the clothes, a measured resistance between the clothes and the 
drum 26 increases as the clothes progress to a dry state. 

[0020] Figure 3 illustrates an electric heater control system 90 including 
a controller 92 operationally coupled to an AC sine wave source 94 and heater 40. 
Controller 92 is also coupled to at least one of temperature sensors 64 and 68, a humidity 
sensor 96, and a clothing moisture sensor 98. 

[0021] Controller 92 is programmed to perform functions described 
herein, and as used herein, the term controller is not limited to just those integrated 
circuits referred to in the art as controllers, but broadly refers to controllers, computers, 
microprocessors, microcontrollers, microcomputers, programmable logic controllers, 
application specific integrated circuits, field programmable gate arrays, and other 
programmable circuits, and these terms are used interchangeably herein. 

[0022] Figure 4 illustrates a waveform of an AC sine wave controlled by 
heater control system 90 to limit the current through heater 40 of electric clothes dryer 10 
to maintain an air temperature below a predetermined maximum allowable temperature. 
Controller 92 operation is based on an input signal from at least one of temperature 
sensors 64 and 68, humidity sensor 96, and clothing moisture sensor 98. The signals 
from these sensors 64, 68, 80, 96 and 98 are used by the controller 92 to determine the 
timing and duration for stopping and reproviding the AC sine wave to the heater 40. 

[0023] In use, controller 92 monitors temperature sensors 64 and 68, and 
varies the AC sine wave to heater 40 to maintain a predetermined temperature slightly 
below a maximum allowable temperature for the clothing being dried. Controller 90 
monitors humidity sensor 96 and varies the AC sine wave to heater 40 to maintain a 
predetermined temperature to humidity relationship, wherein the outlet duct 50 air 
humidity is indicative of clothing dryness. Controller 90 monitors clothing moisture 
sensor 98 and varies the AC sine wave to heater 40 to maintain a predetermined 
temperature to moisture relationship, wherein the sensed moisture is indicative of 
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clothing dryness. Controller 90 is configured to gradually reduce the voltage to heater 40 
rather than turning heater 40 completely off. Controller 92 provides an AC sine wave to 
at least one heater 40 of clothes dryer 10, stops the providing at a zero crossing 100 of the 
AC sine wave, monitors the AC sine wave for a subsequent zero crossing 100, and 
reprovides the AC sine wave to the at least one heater 40 at the subsequent zero crossing 
100. 

[0024] During a normal cycle of an AC voltage sine wave, the voltage 
crosses the "x" axis, or zero, at 0 degrees and again at 180 degrees. During normal 
conditions, there are two zero crossings 100 in each cycle. Controller 92 stops providing 
and reprovides the AC sine wave at zero crossing 100. More specifically, after the initial 
providing of the AC sine wave to heater 40, controller 92 upon a determination to stop 
providing the AC sine wave to heater 40 based on the input signals from the sensors, 
stops the AC sine wave at zero crossing 100 subsequent the moment of determination. 
Upon a determination to reprovide the AC sine wave to heater 40 based on the input 
signals from sensors 64, 68, 96 and 98, controller 92 reprovides the AC sine wave at zero 
crossing 100 immediately subsequent the zero crossing 100 at which the AC sine wave 
was stopped. The reproviding can also occur in at least two half cycles subsequent the 
zero crossing 100 at which the AC sine wave was stopped. 

[0025] Stopping providing and reproviding the AC sine wave on a zero 
crossing 100 allows heater 40 to be controlled without any surge currents or inrush 
currents that may be present if the AC sine wave were stopped or reprovided while 
voltage was present. The herein described stopping of a providing and a reproviding of 
the AC sine wave at a zero crossing 100 also facilitates reducing the addition of any 
undesired electrical noise to the system. 

[0026] Figure 5 illustrates a gas heater control system 200, which is 
included in gas embodiments of dryer 10. Gas heater control system 200 includes a 
controller 202 operationally coupled to a linear gas valve 204 and burner 210. Controller 
202 is also coupled to at least one of temperature sensors 64 and 68, a humidity sensor 
96, and a clothing moisture sensor 98. Linear gas valve 204 is adjustable to vary the gas 
flow theretrough and subsequently vary the amount of gas ignited at burner 210. More 
specifically, controller 202 is in communication with valve 204 and adjusts valve 204 to 
vary an heat output of burner 210. 

[0027] In use, controller 202 monitors temperature sensors 64 and 68, 
and varies the gas flow through linear gas valve 204 and therefore to burner 210 to 
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maintain a predetermined temperature slightly below a maximum allowable temperature 
for the clothing being dried. In one embodiment, controller 202 also monitors humidity 
sensor 96 and varies the gas flow through linear gas valve 204 and therefore to burner 
210 to maintain a predetermined temperature to humidity relationship, because outlet 
duct 50 air humidity is indicative of clothing dryness. In another embodiment, controller 
202 monitors clothing moisture sensor 98 and varies the gas flow through linear gas valve 
204 and therefore to burner 210 to maintain a predetermined temperature to moisture 
relationship, since the moisture level sensed is indicative of clothing dryness. Controller 
202 is configured to reduce the heat output of burner 210 rather than turning burner 210 
completely off. 

[0028] Gas heater system 200, which adjusts linear gas valve 204 to vary 
burner 210 heat output to maintain the warm air circulation inside drum 26 without 
turning off burner 210, facilitates an increase in an average heat output of burner 210 over 
a clothes drying time and an increase in the efficiency of dryer 10 over known dryers 
which cycle heat sources between on and off states. 

[0029] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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